Background: Venous thromboembolism is a common complication of cancer and its treatments. Treatment of cancer-associated thrombosis (CAT) differs from treatment of thrombosis in noncancer patients, requiring a daily injection of low-molecular-weight heparin (LMWH) for 6 months instead of an oral anticoagulant. Previous research suggested LMWH is an acceptable intervention in the treatment of CAT, yet clinical practice and therapeutic opportunities have changed in the decade since the study was conducted. Furthermore, in the previous study there was acknowledged selection bias in participant recruitment. There is increasing clinical use of the novel oral anticoagulants, although their efficacy and safety is yet to be demonstrated within the cancer population. The experience of patients receiving anticoagulation for CAT will inform future practice with respect to quality of life and adherence to anticoagulation therapy. Aim: To explore the acceptability of long-term LMWH for the treatment of CAT in the contexts of living with cancer and quality of life. Design: Qualitative study of cancer patients who had been receiving LMWH for at least 3 months for CAT was undertaken. Audiotaped semistructured interviews were conducted and transcribed. Thematic analysis was undertaken until theoretical saturation. Setting/participants: Fourteen patients attending a palliative care or CAT clinic were interviewed. Participants had been receiving LMWH for a median 6 months. Results: Participants reported distressing symptoms associated with symptomatic CAT, which they rated as worse than their cancer experiences. LMWH was considered an acceptable intervention despite challenges of long-term injections. Several adaptive techniques were reported to optimize ongoing injections. Participants would only favor a novel oral anticoagulant if it was equivalent to LMWH in efficacy and safety. Conclusion: Although LMWH remains an acceptable intervention for the treatment of CAT, its long-term use is associated with bruising and deterioration of injection sites. These are considered an acceptable trade-off against their strongly negative experiences of symptomatic venous thromboembolism.
Introduction
Venous thromboembolism (VTE), comprising deep vein thrombosis (DVT) and pulmonary embolism (PE), is a highly prevalent complication of cancer and its treatments. 1, 2 In addition to causing acute and long-term morbidity, it remains the number one cause of death during chemotherapy and is the most common cause of all cancer deaths, second only to disease progression. 3, 4 Risk factors for VTE in malignant disease have 1 The challenges of managing cancer-associated thrombosis (CAT) are well recognized; cancer patients are at greater risk of recurrent VTE than those without malignancy, and rates are greatest in advanced-stage disease. [4] [5] [6] Furthermore, anticoagulation therapy is associated with higher bleeding complications in cancer patients than in noncancer patients, and this increases with metastatic progression. 5, 7, 8 Clinical guidelines recommend that the first-line treatment of CAT requires 3-6 months anticoagulation with weight-adjusted low-molecular-weight heparin (LMWH). [9] [10] [11] The evidence supporting this is compelling, with metaanalysis from four randomized controlled trials identifying a 50% relative risk reduction in recurrent VTE without increased bleeding rates. [12] [13] [14] [15] Because 47%-65% of those enrolled had metastatic disease, these recommendations are also considered appropriate in the advanced-cancer setting. [16] [17] [18] In addition to greater efficacy, other potential benefits to LMWH include minimal need for monitoring, fewer drug-drug interactions, and consistent absorption of the drug owing to its parenteral route. 19 The guidelines also recommend that in patients with active cancer who thus have an ongoing risk for recurrent CAT, consideration should be given to indefinite anticoagulation. [9] [10] [11] In 2005, Noble and Finlay published a qualitative study exploring the acceptability of LMWH in 40 cancer patients receiving long-term LMWH for CAT. 20 Major themes reported included acceptability of the injection, simplicity of dosing, freedom, and a sense of optimism. This was the first paper to suggest that LMWH was an acceptable intervention, and it has been cited in major international clinical guidelines. 10, 11, 21, 22 However, it is now appropriate to reevaluate the study and acknowledge several limitations that have become more apparent, ten years on.
First, one needs to consider the study in the context of standard practice at the time. In 2004, when the interviews were undertaken, patients with CAT were treated first-line with warfarin because the translation of new evidence into practice had not yet been realized. As a result, the majority of patients receiving LMWH had been converted from warfarin after complications such as bleeding, recurrent thrombosis and drug-drug interactions. This introduced a selection bias, in particular since the acceptability of LMWH may reflect the bad experience on warfarin rather than a favorable LMWH experience per se. Second, interviewed patients had been receiving LMWH for a mean of 42 days. Although this may be sufficient time to gauge the patient experience of the drug in the early part of the VTE treatment schedule, the standard length of treatment with LMWH is 6 months. How someone will feel after self-injecting for 6 months may differ considerably from his or her experiences over a single month.
Finally, it is important to consider the impact that the newly evaluated novel oral anticoagulants (NOACs) may have on VTE treatment. Dabigatran, a direct thrombin inhibitor, and the factor Xa inhibitors rivaroxaban and apixaban have all been evaluated for the treatment of DVT and PE and have demonstrated noninferiority to warfarin. [23] [24] [25] [26] Although these treatments obviate the need for injections, there is no readily available method to monitor activity of these drugs or to reverse them in the event of bleeding. Furthermore, cancer patients made up less than 7% of the sample in any of the studies, and without confirmation of noninferiority over LMWH, it would be premature to recommend NOACs as first-line treatment of CAT. Nevertheless, it is possible that patients may prefer an oral agent to a long-term injection even if it has lower efficacy. In a field where quality of life is of utmost importance, it is important to seek patients' views on this.
We therefore sought to explore the acceptability of long-term LMWH for the treatment of VTE in patients with advanced cancer.
Methods

Data collection
Patients attending a dedicated CAT clinic, within a regional cancer center, were sequentially screened for inclusion into the study, through the review of clinical notes and, where appropriate, drug charts. The last author (SN) undertook screening. All eligible patients were invited to participate. Inclusion criteria were: 1) receiving LMWH for a proven new VTE (DVT or PE) and having received such treatment for at least 3 consecutive months; 2) diagnosis of active advanced cancer, to include locally advanced cancers with no curative treatment available (eg, primary brain tumors and cancers with distant metastatic spread); and 3) ability to consent and participate in a 30-minute interview. Exclusion criteria included: 1) receiving oncological treatment with intention to cure; and 2) presence of a central venous catheter.
All participants provided written consent. Semistructured interviews were carried out over a 6-month period from 
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Qualitative study of heparin therapy for cancer-associated thrombosis experienced palliative care physician, trained in conducting qualitative research. Following initial pilot testing, the interviews were conducted in the patient's home and guided by a prompt list to ensure that the same issues were discussed at each interview. The researcher had no prior relationship with participants or declared clinical interest in CAT management. Data were elicited on the following: 1) what patients understood about their condition; 2) what they understood about their treatment; 3) the practicalities of their LMWH treatment; 4) positive aspects of being on LMWH; and 5) negative aspects of being on LMWH.
To facilitate this, questions were open-ended, with the use of prompts to probe further into issues that arose as significant or meaningful to the participant. Interviews were digitally recorded and transcribed verbatim. Field notes were also taken. Interviews took approximately 30 minutes each. No repeat interviews were necessary, and no aspect of any of the transcripts required additional checking with participants.
Ethical approval had been obtained through the National Health Service of South Wales Research Ethics Committee. As part of the ethical review, it was recommended that specific questions be introduced to explore patient attitudes to alternative anticoagulants such as the NOACs and whether they would prefer these to the LMWH. Accordingly, the following three questions were added to the interview schedule: 1. If, in the future, there were a tablet available that was worked as well as the injections for cancer-associated blood clots, which would you choose? 2. What if there were a new tablet that had been tested to confirm that it worked for clots in noncancer patients but had not been tested specifically to see how effective it was in patients with cancer who had clots? 3. What if there were a tablet that worked as well as the injection, but we had no way of monitoring whether your blood was too thin or too thick on it?
Analysis
The data were analyzed using thematic content analysis. Initial coding was undertaken independently by SS and then validated by SN. This involved the following stages: 1. The first two transcripts were read line by line and annotated with initial comments. 2. The pair of transcripts was compared to identify relevant concepts and commonalities. 3. These were coded and initial comments were grouped into themes.
4. Further interviews were conducted and further themes were identified. 5. Connections between themes were developed until an organized master list and thematic rationale were achieved. 6. New themes were tested against the previous transcripts, as nonrecurring themes were tested against following transcripts. 7. Interviews were carried out until theoretical saturation was achieved; that is, no new themes were identified and nothing new was added to what had already been elicited during the ongoing analysis. Theoretical saturation was achieved at eight interviews. However, in order to optimize the breadth of primary cancer diagnoses and ages of participants, it was agreed that a further six participants should be interviewed. This was done to increase the reliability of findings.
Results
Participant characteristics
Screening of 40 sequential CAT outpatients identified 14 suitable patients. Twenty of those screened were ineligible due to being on LMWH for less than 3 months; the remainder of excluded patients had localized cancer only. All 14 patients who were approached agreed to participate in the study. Patient characteristics are summarized in Table 1 . Patients were 52-84 years of age (median 66 years). Patients had been receiving LMWH for treatment of confirmed VTE (PE n=8, DVT n=6) for 14-148 weeks (median 26 weeks). All patients had commenced LMWH at diagnosis of CAT, with the exception of one (patient 8) who had received warfarin for 3 months and was then diagnosed with cancer and changed to LMWH.
Major themes and their associated subthemes are illustrated in Figure 1 . Major themes identified were impact of VTE, acceptability of LMWH, and views on the novel oral anticoagulants. These are discussed below with accompanying interview excerpts. Excerpts of interview were selected on the basis of two criteria. First, they illustrate the issue being discussed, and second, an attempt was made to use a spread of participants rather than rely on a few individuals.
Major theme 1: impact of VTe
All patients considered that being diagnosed with a VTE had a major impact on their life, seeing it as a distinct entity rather than an integral part of their cancer illness. They subtheme: VTe in the context of cancer For many participants, the diagnosis of a PE came as a greater shock than being diagnosed with cancer.
I never broke down when I was told about the cancer […] I had the operation, went on the chemo, everything. The only time I broke down was when I went back in hospital when they told me I had blood clots […] the cancer to a point they can treat, hold it back -blood clots they go so quick and that frightened me, it was the only time I broke down. [PT13] The knowledge that VTE is a potentially fatal condition, coupled with distressing symptoms at presentation, reinforced the distress experienced. For many, their doctor highlighted the seriousness of the condition, although some already had knowledge of the danger of VTE.
What he said to me, "It's the clot on your lung that's going to kill you, not the cancer the way it's going" -that's the way he put it to me like. [PT8] It frightened the life out of me, I was more scared of that than the cancer. You know blood clots can kill you like identified three key areas that VTE had affected their lives, namely through the symptom burden of VTE, its impact in the context of their cancer journey, and its impact on their activities of daily living.
subtheme: symptom burden of VTe
Participants described the symptoms of VTE as a distressing experience. The majority of participants gave vivid descriptions of their symptoms, further emphasizing the impact of the symptoms. For some participants, the cancer journey had been relatively symptom free and thus the experiences of VTE overshadowed the negative experienced attributed to cancer.
I've had more trouble with the chest part of me than I have with the bottom part of me (colorectal cancer). [PT6] subtheme: impact on activities of daily living
The physical impact on activities of daily living was profound. Participants reported that symptoms attributable to VTE prevented or reduced basic activities such as going to the toilet or talking on the telephone.
I couldn't do anything, I couldn't talk on the telephone or anything -it was that bad. [PT12]
You get up to go to the toilet and you're all huffing and puffing when you get back. [PT11] Patients who were previously independent reported being unable to do daily activities around the house or to mobilize unaided. I've got used to it like we all do everything in life, but it's … whilst it's only a small injection, it's quite painful.
[PT10]
It's not a problem to inject myself; I'll do that for as long as I have to. [PT9] subtheme: necessary inconvenience Participants considered the downside of a daily injection to be an acceptable, necessary tradeoff to keep them free of thrombotic recurrence. This is likely to reflect their knowledge of the potentially fatal complications of VTE, coupled with the experience of distressing symptoms at presentation.
I'll stick the needles in until doomsday -it doesn't make any odds to me as long as they're keeping me going. The majority of participants had received more than 180 injections at the time of interview. All reported long-term consequences of injections to include bruising and the development of subcutaneous fibrous tissue under some injection sites. Consequently, they developed systems to continue injecting in a way that would allow bruised areas to recover. They reflected a confidence to be pragmatic in finding ways to continue with their injections.
This side is the odd dates and this side is the even dates. However, not all patients were adamant in their preference for a tablet; one patient considered the injection to reduce the burden of tablets and another had grown accustomed to injections and was indifferent to change. The ability to monitor anticoagulation was also considered an important factor for some patients. This was of particular relevance to those with experience monitoring their current anticoagulation therapy. [PT1]
Willing to engage in clinical trials
Some participants spontaneously expressed a willingness to participate in clinical trials involving new anticoagulants. Reasons for this were in part altruistic and part opportunity to access therapies later in their disease journey. 
Discussion
VTE is a common condition facing cancer patients and its treatment requires 6 months of anticoagulation with a daily LMWH injection. Previous research in patients with advanced cancer who received LMWH for a mean 42 days found the intervention to be acceptable in the context of previous poor experiences with warfarin. 20 The findings of the current study suggest that LMWH is still an acceptable intervention in this population and that most patients are willing to continue with the treatment beyond 6 months. This is not to say that the treatment is without downsides: the injection itself is painful, albeit short-lived, and bruising is common. Long-term use is associated with the development of subcutaneous lumps and further bruising, making it harder to find suitable places for injecting.
Although confirmation of the acceptability of LMWH is not a new finding per se, this study offers additional insights into patient experiences and attitudes. In previous research, LMWH was considered acceptable in the context of previous poor experiences with warfarin. In this study, all but one patient had started on LMWH with no other drug as comparator. This study suggests that patients experiencing distressing symptoms from VTE considered LMWH a "necessary evil" in treating a potentially life-threatening condition. In addition, it suggests that some patients will comply with indefinite anticoagulation therapy if required.
Most participants reported the symptoms associated with VTE to be profound, with both physical and psychological distress described. It is likely that their acceptance of longterm LMWH reflected their negative experiences of VTE coupled with the ongoing risk of VTE recurrence. This is not dissimilar to patients' attitudes about chemotherapy side effects, where patients will accept a degree of symptom tradeoff in order to be treated for their cancer. [27] [28] [29] Our results suggest that patients with advanced cancer are willing to undergo long-term LMWH injections for the treatment of VTE and do not see it compromising their quality of life when weighed up against the risk of VTE.
This study also raises insights into the potential role of the NOACs, which warrant further systematic investigation. Although most patients would prefer the oral route to the subcutaneous route, this would only be on the proviso of equal efficacy and safety. Because none of the NOACs have demonstrated noninferiority against LMWH, it would seem counterintuitive to recommend NOACs routinely as first-line treatment of CAT. There are limitations to these data; the questions regarding NOACs were not part of the original protocol but were included following strong recommendation at ethical review. The questions did not allow for patients to express what degree of tradeoff between efficacy and convenience would be acceptable to them; for example, it is possible that a patient might be willing to take a tablet that was 80% as effective as the injection. This warrants further attention before drawing strong conclusions, and a discretechoice methodology study is planned to further this.
It is important to acknowledge the limitations of this study when considering its clinical implications. First, this study was undertaken within a single institution through a dedicated CAT clinic. It is possible that results generated through a specialist setting may not represent those from a more generalist environment. Furthermore, it is possible that managing CAT within a specialist environment affords the patient greater access to information and understanding of the rationale for using LMWH. Increased understanding may consequently improve compliance and tolerance of the intervention. Second, although there was strong consistency between participant responses, with no further themes emerging beyond the sixth interview, the sample size was too small to draw conclusions worthy of changing practice.
In conclusion, this study adds further information to what is already known about VTE in the palliative care setting. First, it suggests that CAT produces a significant symptomatic and psychological burden. One could thus argue that, considering that this condition is known to be common in advanced cancer, a greater emphasis should be given to research and education within the specialty. Second, it confirms that, despite several clear downsides to long-term LMWH therapy, patients are willing to persevere with the treatment and will even work to overcome barriers in order to continue with the injections. Finally, the study highlights the need to further explore the role of NOACs, not only for the treatment of VTE in palliative care, but for cancer patients as a whole.
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